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PATTERNING OF DEVICES 

This invention relates to devices such as organic electronic devices and methods 
for forming such devices. 

Semiconducting conjugated polymer thin-film transistors (TFTs) have recently 
become of interest for applications in cheap, logic circuits integrated on plastic 
substrates (C. Dairy, et al., APL 73, 108 (1998)) and optoelectronic integrated 
devices and pixel transistor switches in high-resolution active-matrix displays (H. 
Sirringhaus, et al., Science 280, 1741 (1998), A. Dodabalapur, et al. Appl. Phys. 
Lett. 73, 142 (1998)). In test device configurations with a polymer semiconductor 
and inorganic metal electrodes and gate dielectric layers high-performance TFTs 
have been demonstrated. Charge carrier mobilities up to 0.1 cm 2 A/s and ON-OFF 
current ratios of 10 6 -10 8 have been reached, which is comparable to the 
performance of amorphous silicon TFTs (H. Sirringhaus, et al., Advances in Solid 
State Physics 39, 101 (1999)). 

One of the advantages of polymer semiconductors is that they lend themselves to 
simple and low-cost solution processing. However, fabrication of all-polymer TFT 
devices and integrated circuits requires the ability to form lateral patterns of 
polymer conductors, semiconductors and insulators. Various patterning 
technologies such as photolithography (WO 99/10939 A2), screen printing (Z. 
Bao, et al., Chem. Mat. 9, 1299 (1997)), soft lithographic stamping (J.A. Rogers, 
Appl. Phys. Lett. 75, 1010 (1999)) and micromoulding (J.A. Rogers, Appl. Phys. 
Lett. 72, 2716 (1998)), as well as direct ink-jet printing (H. Sirringhaus, et al., UK 
000991 1 .9) have been demonstrated. 

Many direct printing techniques are unable to provide the patterning resolution 
that is required to define the source and drain electrodes of a TFT. In order to 
obtain adequate drive current and switching speed channel lengths of less than 
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10 jam are required. In the case of inkjet printing the achievable resolution is 
limited to 20-50 p.m by accidental variations of the droplet flight direction caused 
by changing ejection conditions at the nozzle and by the uncontrolled spreading of 
the droplets on the substrate. 

This resolution limitation has been addressed by printing onto a prepatterned 
substrate containing regions of different surface free energy (H. Sirringhaus et al., 
UK 0009915.0). When water-based ink droplets of a conducting polymer are 
printed onto a substrate containing narrow regions of repelling, hydrophobic 
surface structure the spreading of droplets can be confined and transistor 
channels with a channel length of only 5^m can be defined without accidental 
short between source and drain electrodes. The hydrophobic barrier can be 
defined in several ways, for example, by photolithography of a hydrophobic 
polymer or by soft lithographic stamping of a self-assembled monolayer. 

Embodiments of the present invention relate to methods by which electroactive 
polymer patterns for definition of transistor devices can be printed with micrometer 
resolution by direct laser imaging techniques. The method is based on scanning 
an array of laser beams focussed onto the substrate. The focussed light spots 
induce local changes of the properties of an electroactive polymer layer or of a 
surface modification template layer. Several methods are demonstrated herein by 
which such local changes can be used to produce a high-resolution pattern of an 
electroactive polymer. In a preferred embodiment of the invention the laser light is 
of infrared wavelength and induces local heating effects. Alternatively, the light 
can be of visible or ultraviolet wavelength inducing local changes of chemical 
structure or local activation of molecules upon absorption of a photon. Infrared 
light is particularly useful when sharp edge definition or small light-induced 
degradation of the film to be patterned is necessary. On the other hand visible or 
ultraviolet light is useful when high spatial resolution is required approaching the 
diffraction limit which is on the order of the wavelength of the light. 
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Computer-to-plate (CTP) imaging techniques are used in the graphic arts industry 
to produce printing plates for offset printing. Printing plates are made of aluminium 
or polyester and are coated with suitable light-sensitive layers. They need to be 
prepared with hydrophilic, non-image surface regions that repel the ink, and 
lipophilic image regions that attract the ink. On the press the hydrophilic regions 
are dampened with a water-based fountain solution. In a typical prepress 
platesetter the plate coating is exposed using an array of laser spots. Earlier CTP 
system used ultraviolet and visible light, in recent years thermal imaging using 
arrays of infrared laser spots (common wavelengths are 830 nm or 1046 nm) 
have become more widespread due to its better image definition and reduced 
sensitivity to day or room light exposure. Several techniques are used to transfer 
the image pattern into the light-sensitive coating layer. Most visible and ultraviolet 
based systems are based on conventional Ag halide development. Thermal 
imaging is based on heat-induced modifications of the chemical structure of a 
photopolymer that allows developing of the image in a subsequent alkaline 
solution bath. An example of this is the Thermal Printing Plate/830 from Kodak 
Polychrome Graphics. Typical sensitivities for thermal plates are on the order of 
100-150 mJ/cm 2 ; which translates into substrate temperatures during exposure 
exceeding 650°C. Processless plates are based on ablation/vaporisation of a thin 
coating layer such as layer of lipophilic silver. Processless plates do not require 
subsequent chemical developing, but typically need even higher exposure 
temperatures. An example is the Mistral plate from Agfa. 

A typical platesetter for direct laser imaging consists of a linear array of 
individually controlled laser diodes 5, 5\ 5" coupled to optical fibres 25, and 
focussed onto the surface of the printing plate using a telecentric lens system 4 
(Fig. 1 0(a)). Alternatively, an unfocussed laser source 5 coupled to a cylindrical 
lens assembly 4 and a spatial light modulator 24 such as an array of digital mirror 
devices or a liquid crystal array may be used. Two-dimensional spatial light 
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modulators coupled with deflector plates can be used to enhance printing speed 
(US 6208369). Direct laser imaging is widespread for producing printing plates for 
printing on paper. 

It is clear from the above description that direct application of thermal printing 
technologies to the fabrication of electroactive transistor circuits is not possible. 
The exposure temperatures used in thermal imagers are not compatible with the 
fabrication of polymer transistor circuits. Most polymer materials degrade 
significantly if heated to temperatures above 250-300°C. Furthermore, in the case 
of electroactive circuits the layer to be patterned forms part of the circuit, and the 
substrate onto which the light beams are focussed may already contain a few 
layers of electroactive polymer materials deposited on it. In contrast, a printing 
plate is an intermediate earner for the ink/toner to be transferred onto the final 
substrate, and the sacrificial layer that is patterned on the printing plate does not 
itself become part of the final image. As discussed below, these important 
differences impose strict temperature, stability and thickness requirements that 
make the fabrication of active electronic circuits significantly more challenging 
than that of printing plates. 

The present invention and preferred aspects thereof are set out in the 
accompanying claims. 

The present invention will now be described by way of example, with reference to 
the accompanying drawings, in which: 

figure 1 shows a schematic diagram of direct writing of an electroactive 
polymer pattern by thermally induced solubility change using a light absorption 
layer. 

figure 2 shows a schematic diagram of polymer patterning by light induced 
solubility change without a light absorption layer. 
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figure 3 shows a schematic diagram of patterning of a surface modification 
layer by light induced solubility change followed by direct printing of an 
electroactive polymer. 

figure 4 shows a schematic diagram of a completed printed polymer TFT 
device. 

figure 5 shows a schematic diagram of light induced desorption of a 
surface modification layer followed by direct printing of an electroactive polymer. 

figure 6 shows a schematic diagram of a light promoted surface chemical 
reaction followed by direct printing of an electroactive polymer. 

figure 7 shows a schematic diagram of light induced thickness changes 
followed by selective deposition of a self-assembled monolayer and direct printing 
of an electroactive polymer. 

figure 8 shows a schematic diagram of light induced transfer of a surface 
modification layer followed by direct printing of an electroactive polymer. 

figure 9 shows a schematic diagram of scanning motion of the substrate 
underneath the laser beam to produce a pattern 

figure 10 shows a schematic diagram of an array of laser spots originating 
from an array of individual laser diodes (a) or a single laser source (b). 

figure 11 shows a schematic diagram of reel-to-reel patterning of a large 
flexible substrate moving underneath a laser spot array. 

figure 12 illustrates the combination of fine feature definition of a surface 
energy pattern by thermal printing and coarse patterning by direct printing (a) with 
uninterrupted lines and (b) with interruptions for interconnect lines. 

figure 13 shows an active matrix array of transistors with high-resolution 
definition of channels from a simple array of parallel surface energy barriers. 

figure 14 shows a schematic diagram of using a surface modification layer 
to provide confinement for the fabrication of small via-holes by Inkjet etching. 

figure 15 shows a schematic diagram of substrate alignment by optical 
detection of an alignment mark underneath a moving substrate (a) and an 
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alignment mark design that allows absolute position determination by translation 
in the x-direction only. 

Figure 16 shows experimental data of laser-imaged polyimide line widths 
for a range of focus heights, and compares the widths of lines printed horizontally 
and vertically. All but one data point for the vertical line widths are below 5 //m. 
The horizontal lines are consistently wider than the vertical lines, by up to a factor 
of three. Figure 17 shows a microscope image of laser-imaged polyimide lines, 
printed vertically. The vertical lines are printed with a dose of 380mJ/cm2. The 
line width in the top half of the figure is about 3.5 //m. Figure 18 shows a 
microscope image of laser-imaged polyimide lines, printed horizontally. The 
horizontal lines are printed with a dose of 380mJ/cm2 (imaged at the same time 
as fig.1). The line width is about 7 jjm - twice that of the vertical lines. Figure 19 
shows a microscope image of the narrowest laser-imaged polyimide lines 
obtained. These vertically imaged lines (380 mJ/cm2, developed for 20 minutes) 
are down to 2 jjm wide. Figure 20 shows a microscope image of diagonally laser- 
imaged polyimide lines. The unintentional regular sawtooth edges (caused by the 
laser spot size) can be used for increasing channel widths. 

Figure 21 shows optical microscopy images taken under crossed polarizers 
of the uniaxially aligned semiconducting polymer F8T2 on top of printed and 
rubbed polyimide lines. The regions of bright contrast are those in which F8T2 is 
aligned uniaxially along the rubbing direction of the polyimide lines underneath. 
Alignment was achieved by annealing the F8T2 film at 150°C for 10 min. 

Figure 22 shows a self-aligned process for defining a gate electrode with 
minimum overlap with source-drain electrodes. 

One embodiment of the present invention relates to a low-temperature laser 
imaging method for direct patterning of an electroactive polymer film 3 that has 
been coated from solution as a thin continuous film on top of a substrate 1. 
Suitable deposition techniques to deposit thin films from solution include spin 
coating, blade coating, extrusion coating or some form of printing, such as screen 
printing. An intense laser beam of wavelength X is focussed onto the sample in 
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order to induce a local change in the solubility properties of the electroactive 
polymer. Preferably, the solubility change is brought about by local heating of the 
polymer. Preferably, the light beam is of infrared wavelength in order to induce 
minimum damage to the electroactive polymer. If upon irradiation the polymer 
becomes insoluble in a particular solvent in which it is soluble in its unirradiated 
form, a pattern can be produced after local exposure to radiation by washing the 
polymer film in a bath of this solvent. Only in those regions where the film had 
been exposed will polymer material remain on the substrate. Patterns can be 
written by scanning the laser beam across the sample. 

In order to absorb the laser light efficiently a light absorbing layer (2) may be 
deposited in direct contact with the electroactive polymer (fig. 1). The light 
absorbing layer has preferably a strong absorption cross section for the laser 
wavelength that is used. It is preferably deposited from solution, but it is not 
soluble in the solvent from which the electroactive polymer is deposited. The light 
absorbing layer may be deposited before or after the electroactive polymer. The 
light absorbing layer may consist of a dye molecule mixed into a binder polymer 
matrix or simply a metallic film. The dye molecule may also be mixed directly into 
the electroactive polymer by solution deposition from a dye/polymer mixture. 
Alternatively, the laser wavelength may be chosen such that the light can be 
directly absorbed in the electroactive polymer without requiring an additional light 
absorption agent (fig. 2). Many polymers have strong absorptions in the mid- and 
near-infrared spectral range due to infrared active intramolecular vibrations and 
harmonic overtones of such vibrations. 

Certain electroactive polymers undergo thermally induced transformations which 
result in significant changes of their solubility in different solvents. An important 
conjugated polymer exhibiting such thermally induced changes is the conducting 
polymer poly(3,4-ethylenedioxythiophene) protonated with polystyrene sulfonic 
acid (PEDOT/PSS). The synthesis route developed by Bayer Chemical 
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Corporation (LB. Graenendaal, et al., Ad,. Mat. 12. 487 (2000,) polymerizes 
ethylenedioxythlophene monomer in a water sotution containing the polymeric 
countenon PSS. The resulfing polymer sotution !s stabte over periods of severe, 
months, suoh that thi„ fllms „ PED0T/pss can ^ be ^ 

spin r ,in9 ' However ' afer annea,in9 ,o a ,em ~ - 

50-250 c and dry,ng of water PEDOT/PSS films are no longer solubte in water 
Using local heating by ibcussed laser mediation a PEDOT/PSS pattern can 
subsequently be developed in a bath of sclent such as water, isopropano, or 
acetone. Such patterns of PEDOT/PSS can be used as electrodes for poller 

pLT/PsT Th h e h meChaniSm ** *« *— ««% change in 

PEDOT/PSS, wh,ch . also accompanied w«h a signmcant. desirable 
enhancement of film conductivity, is not felly understood at present. It may be 
related to thermally induced phase separation between PEDOT and PSS resulting 
■n Strang ionic interactions between positively charged PEDOT and negatively 
charged PSS regions in intimate contact. In the case of PEDOT/PSS infrared light 
can be directly absorbed In the PEDOT because of the Strang polaronic 
absotpfion features in the near and mid infrared (LB. Graenendaal. e, al. Adv 
Mat. 12, 487 (2000)). 

Several other confcgated polymers such as semiconducting polyfluorene 
polymers also exhibit solubility changes due to thermally induced changes of 
polymer contention in the solid state. By healing fine polymer confonmation can 
be changed locally from the high-entropy disordered state alter solution coating to 
a lower entrepy state with a more ordered or crystalline conformation. This is also 
found ,n polymers exhibiting a liquid aystalline state. In this more ordered state 
fi-e solubiljy |„ most solvents is reduced, and by careful choice of the 
development solvent the pattern can be developed by washing away the polymer 
in those regions where it is in an amorphous state. 
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Other classes of polymers that are suitable for this patterning technique are 
precursor polymers that undergo thermally induced changes of the polymer 
backbone chemical structure, for example due to release of solubilising leaving 
groups at elevated temperatures, such as polyphenylenevinylene or 
polythienylenevinylene precursor (for a review, see for example, D. Marsitzky et 
al., .n "Advances in Synthetic Metals", ed. P. Bernier, S. Lefrant G Bidan 
Elsevier (Amsterdam) p. 1-97 (1999)). Typical conversion temperatures are on the 
order of 200-300°C. 

Alternatively, crosslinking reactions may be used. In this case the polymer is 
mixed with a crosslinking agent that upon local heating transforms the film into an 
.nsoluble network. An example of a suitable crossslinking agent is 
hexamethoxymethylmelamine. As an alternative to local heating the crosslinking 
may be induced by using an ultraviolet light beam. 

In order to protect the electroactive polymer from degradation during light 
exposure it is important to carefully minimize the temperature and use light of long 
wavelength. Most conjugated polymers degrade if heated above 300°C, and are 
prone to photoinduced oxidation, in particular upon visible and ultraviolet light 
exposure. This can be prevented by using infrared light, and by carefully 
minimizing the laser intensity and exposure time. In addition, the exposure may be 
performed under an inert atmosphere such as a gaseous nitrogen atmosphere. 

The laser spot is scanned across the sample by mounting the sample on a high- 
precision xy-translation stage. Alternatively, the light beam might be scanned 
using rotatable, motorized mirrors. Another translational degree of freedom in the 
z-direction is required to adjust the focal point of the laser spot with the layer in 
which the absorption of the light is due to occur. The laser beam may be switched 
on and off with a suitable light shutter. In this way a polymer pattern can be 
directly written onto the substrate. If the mechanical stage is controlled from a 
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computer the pattern can be designed using a suitable software package and can 
then be directly transferred into the polymer films without requiring fabrication of a 
separate mask or printing plate. 

WO 99/10939 A2 discloses a technique to pattern a conducting polymer film by 
exposure to ultraviolet light (UV) through a photomask. The photomask contains a 
pattern of metallized regions that block the UV light. The polymer is mixed with a 
crosslinking agent.. In the regions where the film is exposed to UV light, a 
crosslinking reaction is induced which renders the polymer film insoluble, such 
that the polymer can subsequently be washed away in the unexposed regions. 
This technique is different from the one proposed here in several respects. First, it 
requires a separate photomask for each layer of a TFT circuit as well as for each 
TFT circuit layout. In the direct write technique proposed here the pattern is 
defined by turning on/off the different focussed laser spots and by the scanning 
motion of the sample underneath the laser beam. It is advantageous that the 
technique disclosed here does not require fabrication of a mask plate, nor does it 
require physical contact of the sample with a mask plate. Our technique is 
therefore less prone to particle contamination and abrasion. Furthermore, the 
method disclosed in WO 99/10939 A2 relies on a UV light-induced crosslinking 
reaction. In a preferred embodiment of the method disclosed here the solubility 
changes are induced by thermal irradiation / local heating with low-energy infrared 
light. UV exposure degrades many electroactive polymers through processes 
such as photooxidation, whereas many conjugated polymers have good thermal 
stability at temperatures up to 150-300 °C. 

In order to achieve patterns with well-defined edges the lateral intensity profile of 
the laser spot should be as narrow as possible. Various techniques for focussing 
the laser beam may be used ranging from lens focussing to more sophisticated 
techniques such as passing the beam through a material with a pronounced non- 
linear intensity dependence of the refractive index. It is possible to realize laser 
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spots with diameters d approaching the theoretical diffraction limit determined by 
the wavelength of the light. It is also important that the intensity of the beam drops 
from its maximum to zero intensity over a distance s that should be as small as 
possible, i.e. s « d. State-of-the-art thermal laser direct imagers used in the 
graphic arts industry achieve spot sizes of 5-10 pm. Intensity profiles that are 
more abrupt than that of typical Gaussian beams and decay from maximum 
intensity to zero intensity over length scales on the order of tym or less can be 
achieved. Examples are the Squarespot™ plate- and trendsetter systems from 
Creoscitex corporation (www.creoscitexram) or the Galileo platesetter series 
from Agfa (www.aqfa.com V 

Another aspect of the present invention relates to a surface modification 
layer patterned by an array of UV-lasers. The substrate is coated in a UV- 
sensitive surface modification layer, and imaged with an array of focussed UV- 
lasers. Immersing the substrate in an appropriate developer reveals the pattern. 

The modification layer could be a UV-exposable polyimide layer (such as 
those used in conjunction with UV-photolithography for the production of LCD 
displays. An example of a UV-exposable polyimide is Nissan RN-901). Such UV- 
polyimides are well characterised, have a known optimal exposure, and can be 
developed in common UV-resist developers (such as Shipley MF319). 

An example of a UV-laser arrays suitable for imaging the surface 
modification layer is the zone-plate array lithography tool (ZPAL) designed at MIT 
by H. I. Smith et al. (see Lithographic Patterning and Confocal Imaging with Zone 
Plates by Dario Gil, Rajesh Menon, D. J. D. Carter and H. I. Smith. To be 
published in the Journal of Vacuum Sciences and Technology B, Nov/ Dec, 2000). 

With a system such as ZPAL, surface patterning with a resolution of around 
350 nm has been demonstrated using an array of of laser spots over a large area 
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(-1mm) in a single pass of the laser array head. (Maskless parallel patterning 
wrth zone-plate-array lithography by D. J. D. Carter, Dario Gil, Rajesh Menon 
Mark K. Mondol, H. I. Smith and E. H. Anderson. Journal of Vacuum Sciences 
and Technology B 17 (6), Nov/ Dec, 1999). 



A second embodiment of the invention relates to a method for generating a 
surface free energy pattern by laser imaging that can be used to direct the 
deposition of an electroactive ink in a subsequent coating or printing step (fig.3). A 
continuous surface modification layer 8 is first deposited onto the substrate. The 
layer is chosen such that its surface has a different surface energy than that of the 
underlying substrate. For example the substrate may be hydrophilic, such as a 
glass substrate, and the surface modification layer may be a hydrophobic polymer 
such as layer of polyimide. A light absorbing agent may be deposited as well. The 
layer is then modified by localized heating in a similar way as described above. A 
possible embodiment of this invention is a layer of precursor polyimide on a glass 
substrate that is converted into its insoluble form by local annealing to a 
temperature of 200-350 °C. The pattern can then subsequently be developed by 
washing the film in a good solvent for the precursor form, such as 
cyclopentanone. A broad range of polyimides can be patterned in this way, 
including polyimide that are normally patterned by conventional etching, such as 
ZLI-2650 from Merck, or photoimageable polyimidea, such as Pyralin PI2720 from 
HD Microsystems. Similarly, a layer of a precursor conjugated polymer such as 
precursor poly-phenylene-vinylene can be used. A particular attractive feature of 
both precursor polyimide and PPV is that they can be used as well as alignment 
layers for the active semiconducting polymer of the transistor (see discussion 
below). 



By patterning of the surface modification layer a surface free energy pattern of 
hydrophilic and hydrophobic surface regions is generated. If such a surface 
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ene W patterned substrate is then dipped into a solution of an electroactive 
poller ,„, for example, a polar (amative, unpolar) solvent depos^fte 
eieottoaouve po,y m er wil, only ooour in the hydrophMc (aitemat^eiy hyd^ph b C ) 
sudace regions. Alternately, the surfaoe free energy pattern can e u^o 
direct the posKon and flow of in* droplets of the electtoacflve polymer de *g 
by d,rect pnnting such as in.*, pnming as desajbed ,„ UK 

way a hrgher pdnting resolution can be achieved since the laser spot resoWon 
can be s,gn,flcanfly higher than „ resolution of me in , e , 
by random variations of the dropie, flight direodon and variabie wetting con ^ 
on me substrate. High resoludon pdnted patterns of conducing eLroactive 
powers fabncated by sudace free energy patterning can be used as eiecttode 
a d ,n te roon n ects of pdnted thin fl, m transistor circufts (R ^ ~ 

Scenes 290. 2123 (2000)). Figure 4 shows a completed poiymer thin flt' 

p~ 2 Id d6P0 : ifi0n r ' ayera *—»— 11 - 

polymer 12 and pnnbng of a conducing polymer gate electtode 13 overtopping 

w* the source-drain channel. When building up the layer structure o, ,he TfT 
shown ,n Fig. 4 ^ „ ^ fe requ(red h orter (o avQjd as 

and swe,l,ng of undedying layers. ,« has been shown that adequate sectoral ' 
■ntegmy of me dflferan, polymer-poiymer interfaces of the TFT can be 2t« 

::™giT: 9 ~ ° f poiar and ~ ~ * — * 

Since the surraoe modiflcatton layer is in direct contact with the conducing 
elects and me semiconducting layer of the TFT specie, care needs ,0 L 
taken to ensure that the surface modification layer does not impede charge 
« into the device, and that , does no. contaminate me semiconducting 
layer. The thickness of the surface modification layer should be as thin as 
possrb e i.e. on me omer of 100-500 A. In this way we ensure confonmal coating 
of ft. hn semiconducting layer and/or other layers coated on top and a smafl 
parage sources contact resistance. In a preferrad embodiment of ttie 
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substrate was spin-coated with <m. ■ Polyim.de. A glass 

- - baking , a ~„r rrj: r v :r mm 

hot plate at 80 °C. nS ' Sted 0f 10 minutes °" a 

r;„? 0 :: f ~j*r n9e ? ser powera - -** <«° - - 

doses mm r P ert °™*. to see the variation in linewidth. For all of the 

doses toed (corresponding to a total ,aser power of 5 W to , 2 w (380 ' ^ 
mJ/OT ima ^ was achieved, wSh th. nances, lines tor 11 T 
«er dran aboo, 8 m , and at some doses as na ^ aT 2 l t *" n ^ 
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«** Oh. latter being due to the dye being bieached and me film being exposed 
fo air dunng the imaging proC ess, The pat(ems are 

■n aged sample ,n ,he soiven, used for ma Wng fte re sin (N-melhyl ^ 
T e de ve , opment process ^ abou( 2Q m . nutes ^ room Py * 

™° 7^ (a " d is *> ■» for lower mo ,ecu,ar wei h, P o ^ 

i rrrr process is a,s ° ,ike,y ,o be s ™ 9 

24 hrs a owed no obvious different ta those developed for 30 minutes, 
because the My cured pads o, ttte „m wii, never disserve in tbe so « , 
However „ may be the, partial* oured ,1ms w,„ eventuaiiy be core , e 

was completely removed by Ihe development in this case a tighter time reslrici 
eltT ^ " n9CeSS ^' bW *» * M > — «* can be 

The imaged pattern contained horizontal and vertical lines, intended to be 5 „m 
wtde on a 10„m pteh. Th e vertloal lines were 

mo„on dunng imaging, and the horizontal lines were perpendicular to this (seta 
smgle vereca, line couid be imaged in one pass, whereas a horizontal iine wo! d 
need many passes, depending on its length., A clear deference ,„ the horizontal 
and verttca, line widths is evident in a„ samples; me veriica, lines are consul 
nanower than me horizons iines, by up to . factor of mree (see fig ™* 

The focus trials showed no dear trend, but the line width as a tunctton of laser 
he-gh, suggested ma, the laser fussed a, 30 (separatton, arbitral unl 
However, vertcal lines with widths of 4 W m or less were seen a, low (450 mJ J, 
and h,gn (908 taVcrn', dose , often *e horizontal lines showed ntorl JCJ 
dye aggregating torn the polyimide after exposure. This is always less evident in 
ate vertically imaged lines, as can be seen torn comparison of figures 17 and 18 
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The narrowest lines measured were achieved using a dose of 380 mJ/cm 2 , and 
developed for 20 minutes. The lines are shown in figure 19, and have a width 
down to 2//m, with good uniformity. 

Figure 20 shows some diagonally imaged lines after development. The sawtooth 
edge of the lines is due to the square nature of the laser spots used in the 
imaging. A line of this type may be useful in increasing the effective channel width 
in a TFT, compared to the actual length of the polyimide line. 

Ink jet printing on top of the developed panels demonstrated that the polyimide 
formed hydrophobic regions on the glass, confining the electroactive printed 
polymer. This was achieved by etching the developed polyimide patterns for 1 
minute in oxygen plasma before printing, in order to make the glass sufficiently 
hydrophilic to print the water-based polymer effectively. 

The surface quality of the laser imaged polyimide lines is sufficiently good that 
semiconducting polymers can be aligned on top after mechanical rubbing of the 
polyimide after the patterning. This is shown for the semiconducting polymer F8T2 
in Figure 21 that was aligned on top of laser imaged & subsequently rubbed 
polyimide lines by bringing the polymer into a liquid crystalline phase at 
temperatures of 150°C. The alignment of the polymer results in an increase of 
TFT mobility if the chains of the F8T2 polymer are aligned parallel to the transport 
direction in the TFT. 

Another embodiment of the present invention relates to a surface modification 
layer 14 which may also be desorbed locally from the substrate by local heating 
(fig. 5). This may involve evaporation of the surface modification layer 14. 
However, the temperature required for evaporation needs to be sufficiently low. 
The surface modification layer may be a self-assembled monolayer that is 
covalently attached to the surface, such as a layer' of alkyltrichlorosilane or 
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hexamethyldisilazane deposited onto a hydraphific glass substrate. The heating 
temperature needs to be sufficient to break the oovaien. bond of tte molacules 
wth the surfaca. An alternative is a layer ot a low-molecular weight non^anio 
molecule such as a- or p-substitufed dihexylquaterthiophene or 9 9'- 
™Zc S m0n ° mer ' WWCh eVaP ° rate/Subllme at temperatures on the order 

In Principle, this process may also be used to direcUy pattern an electroaccve 
polymer However, it should be noted ft* most elecboacbve polymers tend to 
degrade / decompose during evaporation or ablation. 

Another embodiment of the pnssent invention relates to a method by which a 
surface pattern can be achieved by thermally promoting a surface chemical 
react™ (flg.6). If the substrate is immersed in a liquid or praferably gaseous 
env,ronment containing molecules 15 that can undergo a thermally activated 
surface chemical reaction with the top layer of the substrate, a surface pattern 16 
can be produced such that the chemical reaction only proceeds in those regions 
that are illuminated with the laser beam. One embodiment of such a pnocess is a 
substrate containing a polar hydrophilic polymer as the topmost layer, such as a 
layer of polyvlnylphenol (RVP) or a simple bare glass substrate. The polarity of the 
surface may be enhanced by exposure to a plasma treatment such as a 
radiofrequency oxygen plasma (50-250 W, 13.5 MHz for 2-5 minutes) The 
substrate is then immersed into an atmosphere of a self-assembled monolayer 
(SAM) (,n air or Inert nitrogen) containing an anchoring group to the substrate and 
a hydrophobic fail group for surface energy modification. A simple closed reactor 
glass vessel contains a Uquid reservoir of the self-assembled molecule on the 
bottom in contact with a heater and a water-cooled condenser on the top of me 
vessel. The sample sits on a sample holder above the liquid exposed to the 
gaseous phase. The back of the sample may also be cooled. The vessel has a 
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transparent window Cose to the sample surface through which the heating 
radiation enters. y 

For substrates that are pooriy nudeophilic, such as indium tin oxide (ITO) or many 
polymer substrates the surface reaction with a chlo ros ilane or an alkoxysilane 
does not significantly proceed at room temperature (Koide, et al., J. Am Chem 
Soc. 122, 11266 (2000)). However, at temperatures above typically 80-100 °C it 
occurs rapidly and results in fomtatton of a dense setf-assembled monolayer on 
the ydnophilic sample surface within a few minutes. The self-assembled 
monolayer locally renders the surface hydraphobic, whereas in the unheated 
regtons the surface remains hydraphilic. This surface energy pattern can be used 
in a subsequent printing step, for example by Inkjet printing, to direct the 
deposton and flow of ink droplets of an electtoacttve polymers as discussed 
above. It should be appreciated that due to the low temperatures required for 
actuation of the reaction this technique is particularly well suited for patterning 
steps for which the substrate already contains several layers of electtoacttve 
polymers that may not allow local temperatures to exceed 100 - 150 °C This is 
pertiorteriy attractive for patterning of the gate electrode in fig.4. Using a surface 
mcdrfication layer a narrow line of conducting polymer can be inkjet printed which 
m,n,m, Z es the overiap capacitance between the gate and source/drain electrode. 

For patterning on upper layers a self-aligned process might be used in which 
previously defined patterns are used to limit the area of the substrate that is 
exposed to radiation. For example, for patterning of the gate electrode of the TFT 
m F,g. 4 the light beam can be incident from the back of a transparent substrate 
« such a way that part of the light is b.ocked, absorbed or at least significantly' 
attenuated by the previously deposited source-drain electrodes. In the case of 
rtared light and the conducting polymer PEDOT, PEDOT is highly absorbing in 
the infrared. In such a way the light only modifies the upper layer in the region in 
between the sourc*drain electrodes. This pnxeas might be used for direct self- 
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aligned patterning of the gate electrode. Alternatively a „,h~ 

« on toP of a 9ate ^ suoh as . s^riir^x 

above, can be patterned in this way This is then «J 7! 

Other thermally activated surface reactions may be used such «• 

polymers onto surfaces (WIS Huck et »« , 9raft ' n9 ° f 

ivv.i.a. Muck et al., Langmur 15, 6862 flagon in 

•0 »_ *. induced the™, Z^^^^T 
volume when anneaied do se to b decompo Jo„ 1^*^ 2 
polymer system the decomposition temperature can h» h , 
T m ? anaiysis W ^ ^ £ ^ ^~ J ^ 
seiecflve y modfly the surface ener g y of the poiy™ surface by 

shouid be as flat and rtgid as possibie, and the appiied pressure sh o l d^ atZ 
as poss,Ue ,n order fo proven, sa^in, of tne s(amp Thb ^ °! 

sorted to deflne narrow iines of widfh of 2-10 pm, whene a smai, thicKne " 
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thedis,o *o ofthe paCZr reSPe °"° ^"g patterns and 

'°™ed on the po. ym er surface a ^"e 2 " 
distortion can be overcome. mP Problems <* ^^P 

£S£tS ITr T relates to dire « d ~ - * — 

— y ~ Cel~r 1 ' f Wh ' Ch ^ be ~ * 

distance between the samole anrt ,t T 21 ^ 8 >- 

possible ,„ onderto eehretccTl IT T* ^ ^ " S ™» " 

- 1mm . most preferably ~n ir d be ~ ,y iess 

layer might be used between „ . ^ A ' S0 8118 <*» * Kt* absorbing 
^erred. An add Ja !Zse ,1 m t, ^ to b ° 

W* exposure can be used T^ZZ ^JT" " " P °" 
layer. . Tbis me thod may be J^T 'f *"*«<> and tte release 

p^e, ^"rrrrjrr of an 

electraactive polvmers in n m~, ♦ faken for man y 

Ho:ri::c:r :r:rr:rrr 

modification , ayer 23 ^ (oca „ " ™ depos,,l °" <* a surface 

-er ,a y er tor subseguen, ~ ^ - 

release layer material may be a layer of a , ma ,. • U ' tab ' e 
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would be a snor, conned te wSh „ e) J e \ "T* 

a- or M ubs«u.ed dthex^uafe^opH™ or 9 g^"* " 
that in such a transfer nm ~. - 8 '»-™Kymuorene monomer. Note 

semiconducting po/ymers can be used su , h ^SanKmg 

Simngnaus e. a,., App,. Phys . J <R 
rubbed oropucanyatignediayerofpo^e " ' "'^ 

Photoahgnabfe polymers mclude polyimides, or polymers 
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^000), Schadt et al., Nature 381, 212 (1996tt Th^ is u* u 

subsequent deposition of th» alignment layer for the 

o^al pZer The ll ™ u *0 potyrne, for example a ,i qu ia 

temperature pJastic substrates fPI) the JJ / ^ ° r high 

— ~ r— ~ ™ 
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r^c:::: r;:r::r - * - 
* ™ - _ h a prre b rrr d r;rrr or 

nanoseconds. A few intense n„k oe , he ° rder of 

0*0.5 pm can be achieved. ' ^ °' 

substrate may be attache , " * * ' leXible substra,e ' *• 

-^^ircirrr r * e ,aser — * * 

holder shoutd be mounted in k T " SyStem and sam P'* 
beam *, .spect^eTa! , V "* " '° ^ * - — 

pnnted lines is on the order of . , T, d ' S,anCe belWeen *» 

produced forme Z,,^ h " -aging systems 

direct p« ng o ~ * " 7 "» ~ nere therefore aiiow 

P g practrcal th,n-fll ra transistor circuits with line widths on the onJer 
-W0 Mm, and minimum channel lengths of less than 2-5 pm. 

™e throughpu, ofthe tecbn^ue can sign.camly be increased by using a iaroe 
number of iaser spots in pa ralte , ( „, 10 , The lntensity ^ j 
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To fcrmer enhance £££ ^ 

deflecting ft. (aser „ ^ " "»»""»/ "e scanned, for example by 

arts industry, enveloped for prmting in the graphic 

'n order to achieve high throughput at low cost thp m * 

transistor circuits could be by reel-to reel Z manufact ^ of polymer 

an array of one dimensional lines. V P m ""^"'"S of 

If the substrate is moved continuously underneath a lln., r 

spots a high-resolution surface enemv nl ^ ° f '° CUSSed "S ht 

paraile, lines can be defined b™ fh T " 
a subseguen, step a » 1?! ^"'^ *"*- — «H U <n 
written using a lovL ™ c ^ « >° *ec»y 

— « - - h~:r ir ::r;r s r as * -* 

( «g, 2 , This „ e ^ P*™ * deflne a„ cdbca, 

an array o, similar or .entca, devfces ^^ t *" 

The hsh-resolufconsoume-dnain channels can be aligned using . 
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The method disclosed here is ideally suited for fl r Ca . * 
odcud function J^ClTT """ " * "**» ^ 

^ces ,„ ^ ;z ~ :r ,o deflne "«--«-« 

possible to simpiy prim acJs™! 7" ^ * » 

more droptefc - ^ ^ * 12 > b "" a ™or 

beams on and off to Lve a7 re9 '° nS ^ SWi, ° hin9 "» ^' 

no on to leave space for crossing interconnection lines ffta 111 i„ 
genera, the one-dimensiona, alignment features do no. need to bT s ~ 
parallel. Aroidary one-dimensional features can h" T sectlo ™ se 
substrafe by scanning a singie laser eamTb °*° 
oan be individually deflected ™ " * ^ *" ™> ° f b — ■* 

in many cases « will be required to aiign/rogisfer a panted padem wflh rospec to 
a previously panted padem on the substrate. For example accurate lilton t 
required for me pnndng of the source-drain elecfrodas with re.ZT^T 
ene^y padern or for ,he pdadng of me gate ^ Zl^LTZ 
ending souroe^rain elecapde padern. Coarse alignmen. may b ^ d 
s.mp,y prosslng the edges 0, fhe subsdate against a suppo/a^ 2 
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inspection station such as a 2 ' aSMmbly wNh an °P««" 

«h a way tha, b oC" !T k ! ""**" "» —» ~ *> 

- visibie on me . m9 ™ " u 3nd * e ~ Pa«em 

and perform ' ^ "*« to ^lyse •» -ages 

Prior to P « ng ran ^ c.i.xtirzr A r ate 

•he sampie as we « as te an g ,e * .spec te «ne p hnterTs "* P ° S ' ton °' 

Faster and more efficient registration can be achieved h„ 
detection techniques, edge detection Z. Y ^ " Se 0f 61,99 

substrate wfth respect to an f "*"* *" a "° W the alignment of a 

A2. They ^7^1^ ^ " **" EP 10181 « 
beam using an o Cll 1 " ° f 3 f ~ 

"*« hlg S^'^^T*'-*---'"-*. 

"rr r:„r 0 :r ? me - pattern ° n * — * - ■ — « 

* respect to me - j! e T L P ° S " i ° n °" he a " 9 ™ ent ««* 

underneath the phi" ' T ^ - 

Pho.odetec.or4, £ a a) " " d ,h ° "«* aigna, of me 
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- an airay of „ aro w bara 42 an / 43 J ~ a ' 9 P °" ta " " * * «* 

a. ::i:i:t r:r te :r i9ned in suoh a way - - *— 



COSy0=- ° 



^2 "^J 



_coso_ _ + s +A ■ tana 
cosa-jB x 3 - Xi 



WO 02/09581 




PCT/GB02/02405 



d racbon can be defended. The position oftee subsbate nomna, to me scanning 
do*» . obtained bom tee dWere nce o, bme intervals between detecting the 
Wfn.ngjandsecondffa^edgeasmeasunedbyteebvobeants. 

When using a t.exib.e substrate distortions of the substrate can occur between 
subsequent paberning steps due to then™, expansion or due to J£Z 
stresses. ifteese distortions are iargerthan the maximum overtap 
fines features 45 of the circuit a single airmen, process is no sufficient a 
w , be required to perform toe alignment locally, i.e. prior to prinbng each 

rr; sroup ; f devices on * s ^ a,i — - - ~ zt 

dunng ,he pnnhng pracess at regular intervals, depending on the degree o 
distortion and the required alignment accuracy. 

Since scanning detection of alignment marks is fas. I, can be performed locaiiy 
wrthou, aignflcanbystowing down toepdnbng pioce8s . Each J, „ 
have an alignment marx next te them, odented such mat the light JZZ 
alignment system is fts, passing acrass the alignment marx, detects the ie 
con-ecte its position according,y and teen starts tee depose of mateba, at al ,' 

Z« : s ZTrr to ,he a,i9nment ma * to - — ~ * 

respect to some high-resoluhon feature 45 on the substrate. The posbion of tee 

tZZ TT M be such - me or n ° exta ™ ta °' - « 

tee m k . SCann ' ng ™*° n amSS * 6 ali9 ™ ent marira -»* be part of 

to the next. The above proposed single scan detection of position and orfentabon 
will be particulariy useful to achieve fast local alignment. 

On a distorted substrate scanning detechon of tee relahve local position bebveen 
a substrate featore and tee prinbng head detects tee spaba, dlstLn patt^on 
tee subsbate. Local alignment may no, need to be perforated at each LI tee 
number of local airmen, steps depends on tee degree of distortion of' tee 
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subsbate and the quired aiignn™, ,o,e ra nca. « the distort™ pattern of the 

m TT ^ SamP ' e t0 ^ ^ » ^ * «*£ 
to detente ft. characterise distortion patten, on ona substrate and than 

prog- the posting system tor the printing head to a Utom atica„ y col t 
ZToT " °" ~ — - ^ 

Local scanning alignment can aiso ba used in conjunct w» mu , Upte n022le 
«W Pnnhng. ,n thls casa aaoh printhead has an array o, noz.es arrange^ 

T\T ^ ^ ^"y- * a given 

11 ,H , d ' S,0rtton " W ° U,d haVS 10 te "* »» tension o 

rTl I"!:, ' SUfflden8y Sma " - Wera " - - *. prtnthaad 

I h ■ aCCUraCV ^ ali9nm6nt W ""» *» a » «■*• on tha 

pnnthead ,n iarga torma. printers severa, haads can ba mounted in panaiiei and 

ha,pos rt ,on * raspaotto tha oan ba conttolied individually. Howi er 

m contmuous ,n kj e. printing electrically conducting dropiats from diffelt nozaes 
can ba defl m ^ ^ ^ ^ ozzles 

mutt,p,e nozzle pnnting with Pred se ioca, aiignment of each individua, nozzie. 

in onder to torn, int6grat8d TFT arc u«s using davicas of tha type described above 
it s often nacassary to fabricate via hoia interconnects between electtodes and 
nterconnecte ,„ dWeren, layars. Different methods to fabricate such via-hoias 

TITBIT SU ° h " "*»*>**> M- GaiincK e. 

at, Appl. Phys. Latt. 77, ,487 (2000,) or serial hole punching using a mechanical 
stitching machine (CJ.Dnrryet at. WO99/10929). ™chan,cal 

Via-hoias can also be fabricated by local inKje, deposition of a good soiven, for the 
layerthrough which a via-hoie interconnect is to beopanad (H. Sirringhaus, it 
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d.ssolve underlying polymer laver, ««< , at 
MM. layer 7( fig iTsuT* h l ^ to " "**'»» 

soiven, is useri for disso)ution ^ may ^ "J ^-J-QjJ Mar 
assembled monolayer or a hydrcphobic polymer layer. ' "* 

fn all of the above embodiments PEDOt/pc;q mow u 

The processes and devices described herein a re no, limited *o devices fabrica,ed 
w* ^unprocessed poiymers. Some of me conducing electee oftheTFT 
and/or «ha .nfenconnecfs h . drcuit or djsplay ^ 9 * ° f 

^ ■ « -n, for example, be deposed by pri ngTft 
cofada. suspend or by electing onto a pre-pattemed sub^te n 

:==rx m ruir- an '— — ■ 
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reviewed for example in H E km, . u . materia,s are 

Acmpje in n.t. Katz, J. Mater. Chem 7 369 riQcm , « 

Advanced Materials 12 227 «00m nth ( } * ° r Z Bao ' 

~ P0 , ted ,n 0 ::i c i^irr S e 28 ' 946 (1999,) ' ° r 

«*K et al., Science 286, 746 (1999)). "ancpatic.es (S. A. 

Phys. Lett. 75, 1010 dgggv <5 Rritfa . » , 9 s et aL ' A PP'- 

<~ to .e Pa . culart su „r ~ pnntin9 is 

registratioainpa^arfor^iepiasticsu^ 9 "* 

Although preferably all layers and comoonenfs „f ,k „ ■ 

circuits and acfive matrix otaJt^- ^ mp,eS of a ~"a include bgic 
defined gate array circu, ^ " 3 de ^ ° r * — 
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The patterning process may be used to pattern nthor 
The present invention is not JimitAri tn tho * 

~- — , cwe Jz^rz^rr^ 



The applicant draws attention to the fact that th» . • 

any feature or common of featuI^IlT " "** 
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CLAIMS 

.he substrate ,oa HI of 1 °° mPn 9 eXP ° Sl " 9 ™— - 

of an o^rr d3imed ~" 1 ' *" - P— cons,,, 

/ posing a rwst layer of organic material on the substrate in th Q k 
of Ugh, so as ,o modify the soiubiiity parameters of tha, ! Tt h e l 
exposed to the beam. y n the re9,ons 

the s„ 1 6 h T. meth0d ^ d3imed ^ ° f * l " 3 10 5 ' wh * rei " *• "^cation of 
the solubilrty parameters comprises r*„*inn „ h . """cation of 

«h„ i„ wmpnses causing phase separation of the material r,f 

thetayarand/or^ss-linkingofthematerialofmenrstlayer. 
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uncover the surface of the underlying substrate. ' '° 

*- o^rrrr :r,i: r mprisin9 dep °* 9 a — 
ro^rr by ,he re9ions ° f — — - — - 

second lay er ,s ,„ hib , ted from ^ deposted „ ^ J ^ - - *J 
matena, ,n whtch the surface ttee energy Is unntodmed by the bea! 

12. A method as claimed in any of claims i a „Hi u . 
« select^ .posing a ^ * . 

/or evaporated in the regions exposed to the beam. 
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14. A method as claimed in any of claims 1 and 2 wherein the m.fh„w 
comprises contacting a first , ay er of materia, on the su^Z^X 
m-um and seiectively exposing the fi.t iayer of mateda, to the heam rf ~ 

reacfive medium in the regions exposed to the beam. 

15. A method as claimed in claim 14, wherein the reactive medium is 
compnsed in the first layer. S 

16. A method as claimed in Cairn 14, comprising the step of applying the 
react,ve medium in gas or liquid form to the surface of the first layer. 

17 A method as claimed in any of claims 14 to 16, wherein the chemical 
~ ,s such as to modify the soluhili* and/or surface free ene^d! 
e^ctnca, prope.es of the mateda, of the first iayer in the regions expos" 

18. A method as claimed in any of claims 1 and 2 wherein melh „ H 
~ - «<* ^ - mateda, on t 

sr* so as to modBy * e vo,ume ° f - - - - — ~o 

^ J'cel^ 35 daimSd !n ^ PreCSdin3 ~ - — is a 

20 A method as claimed in any preceding claim, wherein the beam is 
«* as to cause local h eatin 9 of the « layer „ the tsoiona exposed "he 
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in ft. r f ' A meth ° d ^ ^ C ' aim 2 °' Wher6in th6 ,OCal tem P^ure of the substrate 

m the reg,on exposed to the beam does not exceed 350 °r h, • 

beam 350 C dunn 9 exposure to the 



— r i. A «rs.US 2 r: fte ,oca ' ,e ~ - - 

cyion exposed to the beam does not exceed ?nn»r ■ 
exposure to the beam.. . 00 C dur,n 9 

23 A method as in claim 20, wherein the focal temperature of the substrata 
, the re gi on exposed to the beam does not exceed durin g ex^s ^ 

*. of the precedin9 daims - wherein - «*- * 

25. A method as claimed in anv of claim* i» n o/ , 

*™ a ™„ 8 electrode „ me el ^:x to * whsre,n - *« 

26. A method as claimed in any of claim* i tn u • 

27. A method as claimed in any of claim* i )n9 / u . 

•omns a iayerof the eiectrfca, ^ ' " here ' n *" ^ 

28. A method as claimed in any of claim* it n o, ^ 

a Wi *i j ~ s in any preced,n9 *-* - -» - 



WO 02/095! 




PCT/GB02/02405 



laser " *"*' ~* "*»■ — ». beam is . 

as daimed in any precedins -* — ■ - i • 

of vJeV meth0 ° 38 C ' aimed " ° f C,a,mS 1 10 31 ' ^ » e * 

35. A method as claimed 
across t 
desired pattern 



36. A method as claimed in any preceding claim wherein ftp h« • 
beam of polarised light. Ia,m > wnere.n the beam is a 
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39. A method as in claim 36 to 38, comprising depositing a second 

srr acquires an a,i9ned — r — : ~ - 

— where,n *■ — — *- * a — 
-jl ™r ,med in c,aim 4t whsrei - - ~ *~ > - — 

43. A method as claimed in any of claims 1 to 8 or 12 to 42, comprising 
depos^ a eecond layer of cyanic materia, over trie Are, iayer such tha 1 
pa«em of deposMon of trie eecond iayer is influenced by trie pattemin B of 

44. A metriod as claimed in any of claims 9 to 11 or 43 wherein the 
eecondlayerlstriesaidpanemedlayeroffteelectncaldevice. 

45. A method as claimed in claim 44, wherein the eecond layer is an active 
layer of the electrical device. 

46. A method as claimed in any of claims 1 to 8 or 12 to 42, comprising 
exposmg a iayer of materia, on a second substrate «o a focussed „ g h, beam so 

*> *nn 9 abou, transferor pattern of the layer of materia, onto the Are, substrate 

47. A method as daimed in claim 46, wherein the layer of material on the 
secondsubstratelsthesaidpattemedlayeroftheelectricaldevice. " 
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a «n JlnsrC" "* PreCed ' n9 C ' aim - *-«* ^ is 

ragions in which the iigh, is „ blocked or J£l "* ** 

on the substate, so as to bnna JT"? "^"'"^ Patt ° med «" *Wr 

-is: ,^:: s r of c,a,ms 51 ,o * ,n — - 

electnonic switching device. ^ drain etectTOi a* o, an 
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deposition o, such addl , ona( ^ ^ r**n so as «o eontine. 
was blooked or attenuated. " Which «• *« beam 

was no, Mooted or attenuated. ^ " WhiC " ,he *« 

pattam on the substrate by means of tha beam. <»•*»— * 
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65. A method as claimed in any of claim* ri ^ «„ 

« to modifv the c ra , itfe a turesbymeans0f(h ~ 3 """^ » 

67. A method as claimed in anv of claim rr . t • 
the circuit features comprises ramotZ - f m0difiCa,ion of 

featu.es. * re ™ Vm9 e ' ec,ncal «"**». between the circuit 

68. A method as claimed in anv of claim, rr • 
the circuit features comnrf— . 66 ' Wherein »» ™dlfication of 

features. ™" ^ *** ««*«. between the circuit 

fe a j^r °t t ? wherein - — - - — 

e^odesofanarravoZr^r * — " ** 

70. A method as c/aimed in any of claims 59 tn fio „ • 
generated by a patterning head. ' Where ' n the beam ls 

-rates s^Zl^T ^ * ^ — — 

™m line, and the mlodTm * * 3 **** ^ * *• - 
method compnses exposing the substrate to the beams. 
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72. A method as claimed in any of claims t« 7 , 
the beam or beams during the movement ' 

73. A method as claimed in any of claims 59 to 72 wherein th. h 
beams are focussed beams. he beam or 

74. A method as claimed in any of claims *5Q t/-» 7q u . 

beams are laser beams. ?3 * Where ' n the beam or 

75. A method as claimed in any of claims to 7 a u 

the beam or beams is less than 10„m. ' ^ ^ ™ m ° f 

76. A method as claimed in any of claims so 7= u 

the beam or beams is less than 1 m . ^ * e Width ° f 

" aKgnm^ - - of optically 

spaced lion, and parallel to (he Mr " ne ' a secon<1 straight line 

a predefined an e t w T „ S,raiSh ' ^ *" * 

and the second line and the ^ 9 9 ° etween ,he flrst 

and the third i and " ^ SCa ™' n9 « - « «ne 

determining the relative location of the read,™ ho * 
-ana o„he defined distances and the leT " *" * 
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relationships: executed according to the 



COS ft = fL. 



where: 



- is the angle between the second line and me third line; 
0 * ft. angle between the seoond line and the scanni„ 8 line; 

s is the perpendicular distance between the ,■ 

a point through which a linens w the S6C0nd " ne and ^ third line at 

yi wnicn a line perpendicu ar to the first iin Q ^ 

origin on the first line; and P3SS,ng throu 9 h the 



is 



and the said predetemtined offset of the feature from th. „r 
- M*. of the offset of the featute from the said or^ ^ 
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81. A method as claimed in any of claims 77 to so wherein the *», • 
generally linear feature. wnerem the feature is a 

82. A method as claimed in claim 81 wherein th» fc , • 
perpendicular to the first line. ^ ' S 9enera "y 

83. A method as claimed in any of claims 77 tola •. ■ 

second and third lines are defined by a, east one „ " *" ** 

change on the substrate. ^ ^ ° f ° P * al «*« 

^zCp^cr t , r ,pBB * B aii9nmert m * ,hs 

file features on * «ZI -TT <-»cf 

— - re,r:r n r^-trr t ns 

material processing unit by scannina a T! t0 3 

al.nmentmarK JespondZZC 9 " " 3 " — «» 

me material processing unit and the reading head. 

86. A method as claimed in claim 85, wherein the read,™ h h • • 
with the material processing unit. 9 ^ ' S ' nte9ra ' 
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depos,." or P :2t;:;rr d c,aim 87 ° r 88 ' «*- - «— > 

nrucessed at a predetemiined spatial offset fmm 
alignment mark. from the respective 

92. A method as claimed in any of claims 77 .n oi u 
marks comprise a first streioht .in. ' Whe " ein ,he ali 9 nmem 

Paraileltofhefirsfline l^j^*" 0 " ,d ^ ^ *™> and 
angfe to the firs, line and 1 ^ "*" d ^ 3 " d * a P^etermined 

- feafirre, ^^7^^™*™**°***^ 
optica, signals oy me tL^d °' * * 
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